Trauma exposure leads to various psychiatric disorders including depression, anxiety, bipolar disorders, personality disorders, psychotic disorders, and trauma related disorders, especially posttraumatic stress disorder (PTSD). There are some overlapping symptoms of both PTSD and psychosis that make diagnosis challenging. Despite this overlap, the evidence of PTSD with comorbid psychosis as a distinct entity lies in the research showing biologic, genetic and treatment management differences between psychotic PTSD, non-psychotic PTSD, psychotic disorders and healthy controls. There is emerging evidence that PTSD with secondary psychotic features (PTSD-SP) might be a discrete entity of PTSD with known risk factors that increase its prevalence. This review has presented evidence for individuals with PTSD-SP being distinct in genetics and neurobiological factors. Individuals with PTSD and comorbid psychosis can benefit from evidence based psychotherapy (EBT). There is not enough evidence to recommend second generation antipsychotics (SGA) for PTSD-SP given that risperidone and quetiapine are the only SGAs studied in randomized controlled trials. Hence, developing an operational diagnostic criteria and treatment framework for clinical and research use is critical.
Introduction
Trauma exposure leads to various psychiatric disorders including depression, anxiety, bipolar disorders, personality disorders, psychotic disorders, and trauma related disorders, especially posttraumatic stress disorder (PTSD) (Schäfer and Fisher, 2011a) . Posttraumatic stress disorder (PTSD) is a nosological diagnosis characterized by the presence of trauma exposure with a minimal of one month of persistent symptoms, at least one symptom from the four clusters: intrusion, avoidance, negative mood and cognitive alterations, as well as arousal and reactivity (Gayle and Raskin, 2017) . The lifetime prevalence of trauma exposure found in the US community is 40-80% with an average of 3.5 different events (Kessler, 1995; Read, 2005) . However, the lifetime prevalence of PTSD is approximately 7% (Kessler, 1995; Read, 2005) . Since the addition of PTSD into the Diagnostic and statistical manual of mental disorders-3rd edition (DSM-III), there has been emerging evidence for a variant of PTSD involving the presence of psychosis when full PTSD criteria are met (Association, 1980; Braakman, 2009; Hamner et al., 2000; Hamner, 1997; Hamner et al., 1999; Ivezic et al., 2000; Seedat et al., 2003) . There are some overlapping symptoms of both PTSD and psychosis that make diagnosis challenging. Despite this overlap, the evidence of PTSD with comorbid psychosis as a distinct entity lies in the research showing biologic, genetic and treatment management differences between psychotic PTSD, non-psychotic PTSD and psychotic disorders. Based on research, there are two types of PTSD with psychosis-post psychotic PTSD (PP-PTSD) and PTSD with secondary psychotic features1 (PTSD-SP). However, this review will focus on the latter. Thus, it is important to note that there are risk factors that predispose individuals to develop PTSD-SP such as trauma types, cultural differences and comorbid diagnoses. In addition, proper diagnosis and treatment of PTSD-SP is of great importance. Individuals with PTSD and comorbid psychosis can benefit from evidence based psychotherapy2 (EBT). There is not enough evidence to recommend second generation antipsychotics3 (SGA) for PTSD-SP given that risperidone and quetiapine are the only SGAs studied in randomized controlled trials. However, there is still conflicting information about the relationship between trauma burden, PTSD symptom severity, chronicity, and treatment resistance with PTSD-SP. It is important to address the methodological issues found in studies of PTSD-SP. Given emerging https://doi.org/10.1016/j.pnpbp.2018.08.001 Received 4 March 2018; Received in revised form 13 July 2018; Accepted 1 August 2018 evidence for PTSD-SP as a distinct entity, this review paper aims to not only summarize the extant data on PTSD-SP, but also proposes a symptom criterion, and create diagnostic and treatment recommendations.
Methodology
Studies published between 1997 and 2017 were reviewed using multiple databases-PubMed and Google Scholar-with full-text terms: "posttraumatic stress disorder", "PTSD", "trauma", "traumatic life events", "combat", "combat-trauma", "childhood trauma", "PTSD-secondary features", "PTSD-SP", with varied combinations: "psychosis", "neurobiological", "genetics", "minority", "refugees", "immigrants", "treatment", "psychotherapy", "therapy", "second generation antipsychotic". Studies were screened using the title and abstracts and eventually selected based on topic relevance and exceeding the evidence level for case studies. To find other additional and relevant studies, reference lists were examined for any appropriate articles.
104 publications were found which discussed topics on PTSD-SP, excluding case reports, opinion, and correspondence reports. While childhood trauma will be extensively mentioned throughout, this review focuses on individuals with PTSD-SP, age 18 and above. For the PTSD-SP management, occasionally, numerous publications with less rigorous standards will be cited to illustrate both the paucity of information available and barriers to formulating comprehensive conclusion with the available information. Only statistically significant findings will be discussed with p < 0.05, unless authors utilize a different p value threshold, which will be explicitly stated. If the authors identify that p < 0.05 is statistically significant, then any findings with p value ≥0.05 will be considered as insignificant, even if the authors did not exclusively comment on that finding. There are common methodological limitations with the majority, if not all studies, discussed; these limitations will be discussed where relevant.
General overview: PTSD with secondary psychotic features (PTSD-SP)
Evaluation of psychotic symptoms in patients with post-traumatic symptoms or disorders is important. There is an increased likelihood of psychotic symptoms with lifetime PTSD diagnoses in the community (Shevlin et al., 2011) . Thus, many authors are proposing PTSD-SP as a discrete diagnostic entity (Braakman, 2009; Coentre, 2011; Hamner, 2011; Kilcommons and Morrison, 2005; Kroll, 2007; Morrison et al., 2003; Seedat et al., 2003; Shevlin et al., 2011) . However, Gaudiano and Zimmerman (2010) make the opposite case that PTSD-SP should not be a discrete diagnostic entity based on their data, which showed decrease PTSD-SP prevalence after psychiatric comorbidities were excluded (Gaudiano and Zimmerman, 2010) . But, the authors' careful examination of their data revealed statistically significant lifetime prevalence of PTSD-SP without major depressive disorder with an odds ratio of 3.48 (Gaudiano and Zimmerman, 2010) . Meanwhile, after the exclusion of psychiatric comorbidities, the lifetime prevalence of PTSD-SP decreased from 24% to 2.4%; however, this was not statistically significant (Gaudiano and Zimmerman, 2010) . The case of psychiatric comorbidities contributing to PTSD-SP prevalence has its merits (see risk factors below). Gaudiano and Zimmerman (2010) 's case was based on limited data with low study sample and high p-value (Gaudiano and Zimmerman, 2010) . Thus, there is some evidence that PTSD-SP should be a distinct diagnostic psychopathology, even with the presence of psychiatric comorbidities, such as depression and substance use disorders. Mueser et al. (2002) proposed an adaptation of the stress-vulnerability model for shared mechanism between trauma, PTSD and severe mental illness (Mueser et al., 2002) . This model explored trauma as a mediator and PTSD and psychosis as disorders that interact with each other and exacerbate each other's symptoms (Morrison et al., 2003; Mueser et al., 2002) . Based on a modified Morrison et al. (2003) 's model, there are different modes for the direction causality between trauma, PTSD and psychosis: psychosis causing PTSD, called PP-PTSD; and trauma causing psychosis; and trauma causing both psychosis and PTSD (Morrison et al., 2003) . The remainder of this section will focus PTSD-SP then will discuss how trauma along with other risk factors can cause both psychosis and PTSD.
First, it is important to examine common developmental and symptomatological processes of PTSD and psychosis. One is dissociation. On the one hand, trauma-induced dissociation and dissociative detachment render people vulnerable to psychotic symptoms (Morrison et al., 2003) . For individuals with PTSD, hearing voices was correlated with dissociative experiences in Brewin and Patel (2010) 's study (Brewin and Patel, 2010) . In addition, Morrison et al., 2003 alluded to dissociative symptoms affecting reality-testing difficulties (Morrison et al., 2003) while Brewin and Patel (2010) found in their sample that those with dissociative symptoms retained normal thought processes (Brewin and Patel, 2010; Morrison et al., 2003; Seedat et al., 2003) . There were studies refuting that PTSD-SP is associated with dissociation (Braakman, 2009; David et al., 1999) . Hence, there are some indications that dissociation in PTSD might be associated with psychotic symptoms.
Another shared commonality in developmental and symptomatological processes of PTSD and psychosis are positive symptoms of hallucinations and delusions. These symptoms can be conceptualized as intrusions and flashbacks, which might be interpreted as psychotic symptoms based on cultural unacceptability (Morrison et al., 2003; Seedat et al., 2003) . It is important to note that these positive psychotic symptoms should be delineated from flashbacks Hamner, 2011) and intrusions. Although, if present, hallucinations and delusions in PTSD patients tend to be more paranoid and persecutory in nature compared with those found in primary psychotic disorders which are more bizarre (Seedat et al., 2003) . More studies are revealing that psychotic symptoms in PTSD do not necessarily need to be traumarelated (Hamner, 2011; Seedat et al., 2003) . Hence, Hamner (2011) argued that lack of complex hallucinations and delusions is one major differentiating factor between those with PTSD-SP and a primary thought disorder (Hamner, 2011) . Positive psychotic symptoms must be delineated from PTSD intrusions and flashbacks. If patients retain their cognitive thought processes and preserved reality testing, then these positive psychotic symptoms may be attributed to PTSD-SP.
Some negative psychotic symptoms such as withdrawal and lack of motivation can be interpreted as avoidance or emotional numbing in patients with PTSD (Morrison et al., 2003; Seedat et al., 2003) . They enumerated many shared features between PTSD and psychosis: paranoia, arousal, hypervigilance, interrupted sleep along with emotional numbing, affective constriction, detachment, estrangement from others, and derealization (Morrison et al., 2003; Seedat et al., 2003) . Despite these shared symptoms between PTSD and psychosis, the nature and complexity of psychosis along with thought process must be considered to help differentiate PTSD-SP from psychotic disorders. Negative psychotic symptoms are harder to differentiate from some PTSD symptoms. Nonetheless, patients should have preserved reality testing before the negative psychotic symptoms can be attributed to PTSD-SP.
Hence, there is emerging evidence that PTSD-SP might be a discrete entity with some proposing an operational diagnostic criteria. psychotic symptoms. Moreover, the psychotic symptoms cannot meet criteria for a primary psychotic disorder diagnosis. In other words, the clinical interview should not reveal a formal thought disorder pattern or brief psychotic disorder, i.e. preserved reality testing (Brewin and Patel, 2010; David et al., 1999; Hamner, 2011; Kastelan et al., 2007) . To help differentiate PTSD symptoms from psychosis, the psychotic symptoms cannot "occur exclusively in the context of flashbacks" (Hamner, 2011; Kastelan et al., 2007; Kozaric-Kovacic and Borovecki, 2005) . Hamner et al. (1999) and Braakman et al. (2008) suggested that the positive symptoms of delusions and hallucinations should be present (Braakman et al., 2008; Hamner et al., 1999) . For research, individuals should score a minimal "moderate or higher on at least one positive items" on the Positive and Negative Syndrome Scale (PANSS) (Hamner et al., 1999) . This proposed criterion will be expanded on ( Fig. 1) and included in the later section of diagnostic and treatment framework.
Given the importance of establishing a criterion, a modified and comprehensive framework will be proposed for PTSD-SP upon conclusion of the paper. Thus, risk factors, neurobiological factors and management of PTSD-SP will be included in the proposed diagnostic and treatment diagram.
Risk factors for PTSD-SP
There are prominent risk factors that increase an individual's likelihood to endorse PTSD-SP. Certain trauma types, such as childhood and war traumas, ethnicity, culture and comorbid diagnoses have higher prevalence of PTSD-SP (Braakman, 2009; Hamner et al., 1999; Murphy et al., 2014; Fisher, 2011a, 2011b; van Nierop et al., 2013) .
Childhood trauma is commonly associated with the development of psychotic disorders Fisher, 2011a, 2011b; van Nierop et al., 2013) , PTSD only and PTSD-SP (Bendall et al., 2012; Bendall Sarah, 2013; Jackson et al., 2004; Kilcommons and Morrison, 2005; Shaw et al., 2002) . Childhood trauma has been consistently shown to increase the risk of having PTSD-SP (Read, 2005; Schäfer and Fisher, 2011b; van Nierop et al., 2013) . Read (2005) summarized findings that childhood abuse had a strong relationship with positive psychotic symptom of hallucinations and there was a weak relationship between childhood abuse and negative psychotic symptoms (Read, 2005) . In addition, childhood physical abuse was reportedly the only significant predictor of psychosis according to US National Comorbidity survey (Kroll, 2007) . Different studies found that delusions and hallucinations are associated with a history of bullying and sexual trauma (Morgan and Fisher, 2007; Murphy et al., 2014) . In general, Kilcommons and Morrison (2005) found that lifetime physical and sexual assault is associated with psychosis (Kilcommons and Morrison, 2005) .
However, Calhoun et al. (2007) did not find an association between childhood and adult sexual traumas and PTSD in men (Calhoun et al., 2007) . Thus, there are inconsistencies across studies about what types of childhood and adult traumas are associated with psychosis. Despite controlling for depression, a common PTSD comorbidity, there is still a significant association between childhood abuse and psychosis as found in US National Comorbidity Survey (Shevlin et al., 2011) . However, cumulatively, there is a trend that childhood and adult physical and sexual traumas increase an individual's risk of PTSD-SP.
War trauma is a potential risk factor given it is associated with a high prevalence of PTSD-SP. For Western countries, 15-64% of combatexposed veterans have psychosis associated with PTSD (David et al., 1999; Hamner, 1997; Kaštelan et al., 2007; Kozaric-Kovacic and Borovecki, 2005; Sautter et al., 1999) . It is unclear if this could be related to veterans having a more complex and chronic course of PTSD or if psychosis is an indicator of a severe PTSD type (Calhoun et al., 2007; Hamner, 1997; Hamner et al., 1999; Mueser et al., 2002; Sautter et al., 1999) . Of note, veterans had been reported to endorse higher symptomology on various psychiatric scales for various reasons . Similar to civilians, combat veterans report similar psychotic symptoms such as auditory hallucinations and delusions, especially paranoia (David et al., 1999; KozaricKovacic and Borovecki, 2005; Sautter et al., 1999) . Common auditory hallucinations usually consist of combat related themes, such as, the dead soldiers screaming or telling the veterans that "they did not deserve to survive" (Kozaric-Kovacic and Borovecki, 2005). As previous discussed elsewhere, the psychotic symptoms in combat-exposed veterans were different from dissociative symptoms or flashbacks (Kaštelan et al., 2007; Kozaric-Kovacic and Borovecki, 2005) . Veterans with combat exposure have been shown to have higher prevalence of psychosis associated with their PTSD.
Meanwhile, for non-Western countries, individuals from war torn countries have a higher prevalence of PTSD with estimates of 10-30% compared to the US prevalence of PTSD of 7% (Ayazi et al., 2016; Kessler, 1995; Nygaard et al., 2017) . There is a similar or higher prevalence of PTSD-SP amongst individuals from war torn nations than those in Western nations (Kroll et al., 2011; Soosay et al., 2012) . Some studies focus on non-Western immigrants and refugees in Western nations with the latter group being at high risk of developing severe trauma related psychopathology (Nygaard et al., 2017) . First and second generation immigrants are at increase risk of psychosis (Kroll, 2007) . However, as many of the studies admitted, there is usually little to no information to confirm that trauma preceded the psychotic symptoms as mostly patients' and family/friends' collaterals are the only available sources (Kroll et al., 2011; Soosay et al., 2012) . In addition, in some cases, researchers omitted some trauma type items (such as rape) due to recommendations from leaders in the local community of interest (Soosay et al., 2012) . Another source of limitation for immigrant and refugee populations is the underreporting or overreporting of trauma and psychotic symptoms due to language barriers (i.e. use of interpreters), cultural barriers, normative responses of mistrust from trauma, reluctance to acknowledge trauma-related symptoms, or possible implication in visa/deportation status in Western nations (Adeponle et al., 2012; Buhmann, 2014; Kirmayer, 2003; Kroll et al., 2011; Soosay et al., 2012) . Adeponle et al. (2012) suggested using either the DSM cultural formulation interviews or Cultural Consultation Service (CCS), which consists of psychologist or psychiatrist along with a language interpreter, or cultural broker (Adeponle et al., 2012) . CCS had direct impact Modified from (Hamner, 2011) .
Progress in Neuropsychopharmacology & Biological Psychiatry 88 (2019) [265] [266] [267] [268] [269] [270] [271] [272] [273] [274] [275] in diagnoses at least 23% and treatment by 70% and in some cases, facilitated with therapeutic alliance of the providers who placed the consult (Adeponle et al., 2012; Kirmayer, 2003) . CCS is still in its infancy with needs for more development and addition into clinical practice (Adeponle et al., 2012; Kirmayer, 2003) . CCS seems promising with its impact on mental health care. Despite these limitations, hallucinations, especially auditory hallucinations, and delusions are the most common psychotic symptoms in refugees with PTSD (Nygaard et al., 2017; Soosay et al., 2012) . At times, it is unclear if a belief is culturally acceptable, culturally aberrant or a different manifestation of PTSD in non-Western cultures (Ayazi et al., 2016; Kroll et al., 2011; Soosay et al., 2012) . In other words, psychiatric diagnoses depend on deviation from what is culturally acceptable. Thus, during psychosis assessment, evaluators must make sure that the beliefs and symptoms are abnormal for the patient's culture. Also, evaluators must ensure that the symptoms being attributed as psychosis are not a different manifestations of PTSD as Kroll and colleagues elaborated on (Kroll, 2007) . Kroll et al 2007 points out that PTSD symptoms manifest differently between Westernized populations and non-Westernized populations (Kroll, 2007) . Kroll and colleagues illustrates this using the symptoms of intrusion and numbing which they identify as Westernized categories (Kroll, 2007) . They contrast this to the somatic and economic complaints which they identify as nonWesternized manifestations of PTSD symptoms (Kroll, 2007) . With immigrant and refugee populations, cultural and ethnicity differences play significant roles along with the stress related to transitioning to a new cultural environmental and at times with lack of social support (Nygaard et al., 2017) . Some evidence exists that immigrant and refugee populations have higher rates of psychosis with their trauma history and PTSD. Certainly, more prospective studies with consistency of scales are needed to further explore relationship of trauma, PTSD and psychosis for immigrants and refugees, since this research is in its infancy.
Nonetheless, in most cases, refugees and immigrants are considered minorities in Western countries. Hence, research findings are confounded by their minority status as there is evidence that minorities (even citizen-born, i.e. African Americans and Hispanics) have higher prevalence of psychosis in PTSD (David et al., 1999; Frueh et al., 2002; Soosay et al., 2012) and psychosis in general (Kaštelan et al., 2007) . Minorities, such as African Americans, underutilize mental and medical services . Given the scarcity of research in this field, it is still unclear if the higher prevalence is related to: severe disease course, delayed diagnoses, access to care, avoidance of mental health services, patients' communication with providers or combinations of these factors (Adeponle et al., 2012; David et al., 1999; Frueh et al., 2002) . There are reports that oftentimes African Americans are misdiagnosed or underdiagnosed as summarized by Frueh et al., 2002 . In a prior Frueh et al. (2000) study and David et al. (1999) , African Americans in the Veteran Affairs outpatient PTSD clinic endorsed more positive psychotic symptoms than their Caucasians counterparts, but no racial differences on PTSD diagnosis (David et al., 1999; Frueh et al., 2000; Monnier et al., 2002) . Although David et al. (1999) did find racial differences with comorbid depression, i.e current comorbid depression was more likely amongst African Americans and Hispanics than Caucasian counterparts (David et al., 1999) . Also Frueh et al. (2000) did not find any racial differences in anxiety, depression, or other psychiatric comorbidities . Hence, clinician awareness of cultural differences is pertinent especially in mental health to avoid under or over diagnosis, both of which can lead to inadequate care of patients with PTSD-SP. For these reasons, African Americans and other minority groups are at higher likelihood to endorse PTSD-SP.
Currently, the prognosis of PTSD with psychosis compared to nonpsychotic PTSD is unclear given multiple uncertainties pertaining to PTSD severity, psychosis severity and co-morbidities such as depression and substance use Hamner et al., 2000; Hamner and Gold, 1998; Seedat et al., 2003) . In many if not all the studies, participants with substance use or dependence were excluded (Ronconi et al., 2014) ; although, the parameters for these exclusion criteria differ with the majority of the studies using 30 days Hamner and Gold, 1998; Sautter et al., 2003) or 60 days since last use. In one combat exposed veteran study, alcohol dependence was the most prevalent comorbidity with PTSD (Kozaric- Kovacic and Borovecki, 2005) .
Substance associated psychosis with use of cannabis and khat use might not remit after use (Kroll, 2007) . Khat is a plant substance with stimulant psychoactivity due to its chemical content of cathinone, (S (-) alpha-aminopropiophenone) (Bhui and Warfa, 2010; Odenwald et al., 2009 ). Since Khat is culturally sanctioned in certain parts of the world, mainly East Africa and the Arabian peninsula (Bhui and Warfa, 2010) , many researchers have to be cognizant of its use and effects on selfreport (Bhui and Warfa, 2010; Odenwald et al., 2009) . With psychotic symptoms (such as paranoia), it is unclear if Khat is an etiology (Widmann Marina, 2014) or mediating variable for trauma and psychosis (Bhui and Warfa, 2010; Odenwald et al., 2009 ); although, overall, Khat reportedly has weak association with causality of mental illness Kroll et al., 2011) . Clearly, there needs to be more research on Khat and its role in trauma, PTSD and psychosis.
Meanwhile, like Khat, the research is unclear about cannabis and its association with psychosis amidst legalization in several states (Walsh et al., 2017; Wilkinson et al., 2016) . As Walsh et al. (2017) and Wilkinson et al. (2016) 's reviews pointed out that there was limited research on cannabis and PTSD; also, cannabis had been documented to worsen preexisting psychosis (Walsh et al., 2017; Wilkinson et al., 2016) . Individuals with PTSD and comorbid substance use are known to have worsened symptom severity and illness course (Grella, 2003) . In Grella (2003) 's study of 400 men and women in drug treatment rehab, she found that psychosis was significant in individuals with PTSD and comorbid substance use (Grella, 2003) . Some researchers did not find any association between substance use and PTSD-SP (Braakman, 2009; David et al., 1999; Hamner et al., 2000) . Researchers and clinicians need to be aware that substance use increases the risk of PTSD-SP.
As Braakman et al. (2009) and Hamner et al. (1999) suggested, a portion of individuals with PTSD-SP have comorbid depression Hamner et al., 1999) . Sautter et al. (1999) found an increase prevalence of depression in PTSD-SP than in nonpsychotic PTSD with the least prevalence of depression in the psychosisonly group in a sample of combat veterans (Sautter et al., 1999) . Meanwhile, Braakman et al. (2009) cited that 68% of individuals have comorbid depression with PTSD and that those who suffer from depression with psychosis were four times more likely to suffer from PTSD ). However, some researchers did not find an association between PTSD-SP and depression (Brewin and Patel, 2010; Hamner et al., 1999; Kaštelan et al., 2007) . Frueh et al. (2002) and David et al. (1999) illustrated the inconsistent findings of PTSD-SP in combat related veterans and depression (David et al., 1999; Frueh et al., 2002) . Both studies found an increase in psychotic symptoms in minority populations (David et al., 1999; Frueh et al., 2002) . However, David et al. (1999) did find any racial differences with comorbid depression while Frueh et al. (2002) did not (David et al., 1999; Frueh et al., 2002) . Although David et al. (1999) distinguished between current and lifetime history of major depression (David et al., 1999) . Despite ethnicity being a risk factor, the David et al. (1999) study found that psychotic symptoms were associated with current major depression but not with lifetime major depression. Thus, highlighting that there might be a different association of PTSD-SP and depression temporally.
For instance, in a Somali refugee population in Minnesota, the comorbidity of depression and PTSD were age and gender dependent in the cross-sectional study (Kroll et al., 2011; Kroll, 2007) . Somali females age 18 to 50 had a higher rate of PTSD with depression than Somali males; however, Somali males had higher rates of psychosis than Somali females in the same age group (Kroll et al., 2011; Kroll, 2007) .
When Somali group was compared to non-Somali groups for PTSD/ depression and psychosis, the results were complicated as Somali males from age 18 to 30 had more psychosis than non-Somali counterparts; however, Somali males from that age group had low and "almost identical" PTSD/depression rates to non-Somali males (Kroll et al., 2011) . Somali females age 18 and above had higher PTSD/depression compared to non-Somali females age 18 and above. Whereas for psychosis, Somali females only age 18 to 30 had higher psychosis rate than non-Somali females of same age group. However, Somali females age 50 and above had less psychosis rate than non-Somali females of same age group (Kroll et al., 2011) .
Within the Somali group and between the group (Somali versus Non-Somali) comparisons for PTSD and psychosis showed unclear association between comorbid depression, psychosis, and PTSD.
Given current evidence, the relationship between PTSD-SP and the comorbid depression is not clear. Although, some studies excluding comorbid depression and substance use along with other DSM-IV Axis I disorder comorbidities still found individuals with PTSD-SP (Mustapic, 2007; . Gaudiano and Zimmerman (2010) made an important claim on the effects of psychiatric comorbidities on PTSD-SP prevalence (Gaudiano and Zimmerman, 2010) . The magnitude and temporality of these comorbidities effect on PTSD-SP is not well understood at this time.
In conclusion, there are prominent risk factors that predispose individuals to PTSD-SP. These factors-trauma types, ethnicity, culture, and comorbid mood disorders, and substance use-need to be considered by clinicians during assessments and in treatment plans.
Genetics and neurobiology of PTSD-SP
A lack of family history of psychosis is found in patients with PTSD-SP (Sautter et al., 2002) . With this in mind, there are a paucity of genetic and neurobiological studies pertaining to PTSD and psychosis (Braakman et al., 2008; Hamner and Gold, 1998) .
Over the last few years, there have been studies that primarily focus on genetic differences of individuals with PTSD-SP and non-psychotic PTSD focusing on genes coding for three proteins: Dopamine βeta hydroxylase (DBH), Brain-derived neurotrophic factor (BNDF) and Monoamine oxidase B (MAO-B) (Hamner and Gold, 1998; Mustapić et al., 2007; Pivac et al., 2012; Pivac et al., 2007) . DBH gene contains a -1021 C/T (rs161115) single nucleotide polymorphism in the 5' flanking region (Mustapic, 2007) . In a fairly homogeneous sample of Croatian Caucasian veterans of 167, Mustapić et al. (2007) demonstrated that only DBH CC genotype was associated with decreased DBH activity in individuals with PTSD, and there was no change in DBH activity with CT and TT genotype (Mustapic, 2007) . DBH is involved in converting dopamine to norepinephrine; both are neurotransmitters implicated in PTSD (Hamner and Gold, 1998) . Thus DBH activity is relevant to assess in PTSD (Hamner and Gold, 1998) . There was reportedly a 35 to 52% variance in DBH structural locus, which controls plasma DBH activity in this sample population (Mustapić et al., 2007) . Furthermore, Mustapić et al. (2007) showed lower DBH activity in war veterans with PTSD than in veterans without PTSD (Mustapić et al., 2007) . This genotype-independent trend on plasma DBH had been reported in patients with psychotic disorders such as paranoid schizophrenia, as well as unipolar psychotic depression (Mustapić et al., 2007) . However, these studies were inconsistent with Hamner and Gold (1998) (Hamner and Gold, 1998) . Hamner and Gold (1998) showed that PTSD-SP is associated with increase in plasma DBH activity (Hamner and Gold, 1998) . Mustapić et al. (2007) argued that Hamner and Gold (1998) 's smaller sample size and no correlation with DBH genotype were confounders (Hamner and Gold, 1998; Mustapić et al., 2007) . Another confound for DBH studies includes the potential alteration from previous medication exposure, especially from neuroleptics (Mustapić et al., 2007) , although the authors mitigated this confound with medication-free participants (Mustapić et al., 2007) .
However, it is relevant to note that prior medication exposure for Mustapić et al. (2007) 's participants were not presented (Mustapić et al., 2007) . In summary, these are initial indications that plasma DBH activity and the DBH gene might be implicated in PTSD-SP.
The second gene study is about MAO-B intron 13 polymorphism. Pivac et al. (2007) studied differences in platelet Monoamine oxidase-B (MAO-B) activity and MAO-B gene A/G substitution in intron 13 polymorphism in 4 groups of male war veterans: PTSD-SP, non-psychotic PTSD, combat exposed without PTSD, and healthy control . When smoking status was controlled, PTSD-SP had a higher platelet MAO-B activity than PTSD in other groups . In addition, A allele carriers in a group of PTSD-SP veterans had higher platelet MAO-B activity when compared to A allele carriers from the other groups of veterans . While these findings need to be replicated in a larger prospective trials, the potential differences in platelet MAO-B activity and MAO-B intron 13 polymorphism in PTSD-SP group compared to the other groups strengthen the authors' argument that PTSD-SP might be distinct.
The third gene study in PTSD-SP is about BDNF single nucleotide polymorphism (SNP), Val66Met (Pivac et al., 2012 ). Brain-derived neurotrophic factor (BDNF) is one of the most frequently studied genes with Val66Met, rs6265, being of interest to PTSD-SP (Pivac et al., 2012) . Val66Met is a base pair substitution in which G is replaced by A leading to Met (methionine) replacing Val (valine) at the 66th position in pro-BDNF sequence (Pivac et al., 2012) . This functional polymorphism is a good study candidate for PTSD and psychotic PTSD as Met carriers have been shown to have decreased activation of ventromedial prefrontal cortex which can be associated with impaired fear extinction (Pivac et al., 2012) . In addition, Met carriers are shown to be overrepresented in psychotic disorders (Pivac et al., 2012) . Thus, Pivac et al. (2012) examined the BDNF Val66Met polymorphism in individuals with psychotic PTSD, specifically PTSD-SP in a homogenous unrelated combat exposed Croatian Caucasian veteran population of 576 males (Pivac et al., 2012) . There were three groups of participants determined by Structural Clinical Interview for DSM-IV (SCID), Clinician Administered PTSD Scales (CAPS) and PANSS: no PTSD (n= 206); PTSD only (n=294); and PTSD-SP (n=76) (Pivac et al., 2012) . This study replicated that there was no association between BDNF Val66Met and PTSD (Pivac et al., 2012; Zhang et al., 2006) . However, when subdivided into the presence or absence of psychotic features, there was significant difference in the frequencies of BDNF Val66Met variants between the three groups (Pivac et al., 2012) . There were no differences between PTSD symptom severity and PTSD comorbidities of MDD and anxious depressive disorder. Patients with different BDNF Val66Met genotypes had the same CAPS and PANSS total and subscale scores, despite PTSD-SP having statistically significant higher CAPS and PANSS scores than non-psychotic PTSD (Pivac et al., 2012) . While Pivac et al. (2012) detected a higher frequency of Met/Val genotype and Met carriers for PTSD-SP than the two other groups, there were multiple limitations hindering the generalization of these findings (Pivac et al., 2012) . As the authors recognized, the small sample size increases the risk of a false negative finding (Pivac et al., 2012) . Moreover, these findings cannot be applied outside the Caucasian male veteran population. Along with the above mentioned DBH and MAO-B genes' polymorphisms with respective associated plasma activities, BDNF Val66Met polymorphism presents emerging evidence that PTSD-SP might be genetically distinct from non-psychotic PTSD individuals and healthy controls.
In addition to the genetic findings, other neurobiological factors have been shown to be different between individuals with PTSD-SP compared to non-psychotic PTSD, healthy controls and/or individuals with schizophrenia. Braakman et al. (2008) summarized these findings for baseline cortisol, cerebrospinal fluid (CSF) corticotropin-releasing factor (CRF), plasma DBH, platelet 5-HT concentration, and smooth pursuit eye movement (SPEM) in chapter 27 of the Progress in Brain research textbook (Braakman et al., 2008) . Individuals with PTSD-SP E. Compean, M. Hamner Progress in Neuropsychopharmacology & Biological Psychiatry 88 (2019) 265-275 had higher baseline cortisol, CSF CRH, and plasma DBH activity when compared to individuals with nonpsychotic PTSD (Braakman et al., 2008) . When compared to those with depressive disorder with psychotic features, individuals with PTSD-SP had cortisol hyper-suppression subsequent to dexamethasone (Braakman et al., 2008) . There have been studies showing no association between a neurobiological factor and PTSD-SP, even when researchers found a significant association between PTSD psychosis and a neurobiological factor. For instance, Sautter et al. (2003) 's findings of CSF CRF differences between PTSD-SP and non-psychotic PTSD individuals was included in the Braakman et al., 2008 review (Braakman et al., 2008 Sautter et al., 2003) . Sautter et al. (2003) also did not find any differences amongst the three groups-non-psychotic PTSD, PTSD-SP and controls-for CSF somatotropin-release-inhibiting hormone (SRIF) . It is imperative to highlight that the study found no significant associations as well with SRIF. Sautter et al. (2003) did not find a statistically significant difference for CSF CRF between non-psychotic PTSD individuals and controls . Nonetheless, cortisol and associated pathways might be contributing to differences between nonpsychotic PTSD, PTSD-SP and healthy controls. Meanwhile, found significant elevations in peripheral platelet serotonin (5-HT) concentrations in individuals with psychotic PTSD when compared to 3 groups consisting of non-psychotic PTSD, trauma exposed only, and healthy control individuals. This elevation in platelet 5-HT concentration was limited to PANSSpositive scale, especially delusion subscale . The authors concluded that (1) platelet 5-HT concentration could be related to trait markers and (2) platelet 5-HT is not associated with PTSD diagnosis, since platelet 5-HT concentration was not elevated in nonpsychotic PTSD but it was in psychotic . The latter conclusion was a replication of van Praag (2004); although, pointed out that platelet 5-HT has been associated with depressive symptoms in PTSD van Praag, 2004) . Given the study design, individuals with depression and/or other Axis I comorbid disorders were excluded . Moreover, the study design controlled for other confounds of platelet 5-HT variations such as: sex (all male sample), age (no difference with age and 5-HT), and season (all sampled in the same season). Thereby, were able to make a convincing conclusion that the elevation in platelet 5-HT concentration is unique to PTSD-SP individuals . Overall, this data further suggests that PTSD-SP has a distinctive neurobiological profile from non-psychotic PTSD and healthy individuals.
Interestingly, individuals with PTSD-SP were reported to have different abnormalities in SPEM from those with schizophrenia. Those with schizophrenia had deficits in smooth pursuit initiation of a visual stimulus in contrast to those with PTSD-SP who had SPEM deficit at lower velocity . While at higher velocity, PTSD-SP individuals demonstrated impaired SPEM performance when compared to healthy controls and individuals with schizophrenia (Braakman et al., 2008) .
As discussed above, while it is exciting to report significant findings, negative findings should be highlighted for two important reasons. The first reason is related to a common limitation for these studies-small, non-representative sample size-as this increases the likelihood of either false positive or false negative results. Secondly, the negative findings might be a true positive for that particular neurobiological factor. Of course, with no replications of these studies currently, any definite conclusion is tentative.
Thus, this review has presented evidence for individuals with PTSD-SP being distinct in genetics-DBH -1021 C/T, MAO-B intron 13, and BDNF Val66Met polymorphisms-and neurobiological factors-plasma DBH activity, platelet MAO-B activity, baseline cortisol, CSF CRH, platelet 5-HT and SPEM. While there are major limitations to these studies and a need for replication, the presence of differences between PTSD-SP and other groups, such as non-psychotic PTSD, healthy controls and individuals with schizophrenia, suggests that PTSD-SP is most likely a distinct entity that warrant more clinical recognition and research.
Management for PTSD-SP
Many guidelines recommend evidence based psychotherapy (EBT) for individuals with PTSD (Benedek et al., 2009; Courtois et al., 2017; Katzman et al., 2014) . The two commonly recommended psychotherapies are cognitive behaviorally based therapies (such as trauma focused, prolonged exposure, cognitive processing) and eye movement desensitization and reprocessing therapy (EMDR) (Benedek et al., 2009; Courtois et al., 2017; Katzman et al., 2014) . Goodnight (2018) summarized evidence based treatment guidelines for PTSD including some adaptions ( (Goodnight, 2018) this issue). In addition Goodnight (2018) explored barriers for patients in completing EBT for PTSD ((Goodnight, 2018) this issue). However, for individuals with PTSD and comorbid psychosis, many clinicians are wary of recommending or performing these EBTs due to multiple fears: (1) exacerbating PTSD or psychotic symptoms, (2) dubious of credibility of these therapies in this clinical population, and lastly, (3) burden on the individuals (Boden et al., 2016; Frueh et al., 2006; van den Berg et al., 2016a van den Berg et al., , 2016b . Various studies with individuals with PTSD and comorbid psychosis had shown that psychotherapies for PTSD do not exacerbate symptoms with all studies recommending these treatments (Bernard et al., 2006; de Bont et al., 2013; Mueser et al., 2015) . Ronconi et al. (2014) meta-analysis addressed the clinician's credibility fear through examining exclusion criteria in multiple PTSD studies (Ronconi et al., 2014) . They found that while many studies did exclude individuals with comorbidities such as psychosis and substance use, these studies were more inclusive than clinicians were when offering EBT for PTSD to individuals with PTSD and comorbid psychosis (Ronconi et al., 2014) . In other words, the clinicians were "more conservative" than the studies (Ronconi et al., 2014) . Frueh et al. (2006) and van den Berg et al. (2016a van den Berg et al. ( , 2016b ) pioneered clinician focused intervention, through groups, to help overcome the resistance associated with offering EBTs to individuals with PTSD-SP (Frueh et al., 2006; van den Berg et al., 2016a van den Berg et al., , 2016b . Many researchers are working on combating the clinician's resistance to offering/treating PTSD patients with psychosis with EBT for (Frueh et al., 2006; van den Berg et al., 2016a van den Berg et al., , 2016b . Psychotherapy has been known to be beneficial to individuals with PTSD and psychosis. However, there needs to be more research and collaboration in encouraging clinicians to treat these individuals with EBTs.
In addition to psychotherapy, many clinical guidelines recommend pharmacotherapy for individuals with PTSD (Benedek et al., 2009; Courtois et al., 2017; Katzman et al., 2014) . In the 2004 American Psychiatric Association (APA) guideline for PTSD and 2009 Guideline Watch, second generation antipsychotics were recommended if first line PTSD treatment (ie SSRI) were ineffective or if psychotic symptoms were present (Benedek et al., 2009; Courtois et al., 2017; Katzman et al., 2014) . Both APA and Canadian Psychiatric Association acknowledged the need for robust studies with PTSD and SGAs (Benedek et al., 2009; Courtois et al., 2017) . For non-psychotic PTSD, the first line treatment of PTSD is selective serotonin reuptake inhibitors (SSRIs) which have an efficacy of about 60% (Benedek et al., 2009; Coentre, 2011; Courtois et al., 2017) , but less with PTSD-SP, given more severe pathology with comorbid psychosis Pae et al., 2008; Pivac et al., 2004; Sokolski, 2003; Stein et al., 2002) . Thus, there is a need to examine current studies on PTSD-SP with SGAs.
However, there is a scarcity of double blinded placebo control trials (RCTs) SGAs (Bartzokis et al., 2005; Hamner et al., 2003a Hamner et al., , 2003b Rothbaum et al., 2008; Villarreal et al., 2016) . Many studies have been open label trials Petty et al., 2001; Pivac et al., 2004; Sokolski, 2003; Stein et al., 2002) . Even for nonpsychotic PTSD, antipsychotics are not first line due to their side effect profiles and risks (Butterfield, 2001 ). In addition, most RCTs of
Progress in Neuropsychopharmacology & Biological Psychiatry 88 (2019) 265-275 Table 1 PTSD-SP pharmacological intervention. pharmacologic interventions for PTSD-SP are on risperidone as an adjunctive medication; thus the participants were receiving other medications, mostly antidepressants (Bartzokis et al., 2005; Hamner et al., 2003a Hamner et al., , 2003b . Table 1 summarizes key points of each study. Some RCTs were not exclusively studying PTSD-SP; however, they included data on PANSS. Most RCTs to date consist of male combat veterans (Bartzokis et al., 2005; Hamner et al., 2003) . Nevertheless, risperidone had varying degree(s) of improvements across the studies. For instance, Hamner et al. (2003) showed that risperidone was more efficacious than placebo only on PANSS mean score and PANSS general psychopathology subscale (Hamner et al., 2003a (Hamner et al., , 2003b . Krystal et al. (2011) investigated risperidone in a veteran population with antidepressant resistant PTSD. At 24 weeks, both risperidone and placebo groups showed improvement in PTSD symptoms via CAPS total scores; however, the risperidone group did not differentiate from the placebo group (Krystal et al., 2011) . In addition, there were no group differences in PANSS scores which was a secondary outcome measure (Krystal et al., 2011) . For adverse effects, the risperidone group had higher adverse effects for certain symptoms: weight gain, fatigue, hypersalivation, and others. While this risperidone study is the largest study on SGAs in PTSD including a psychosis measurement, the total sample size was smaller than the calculated target size needed to have enough power (Krystal et al., 2011) . Rothbaum et al. (2008) examined risperidone for SSRI resistant civilian PTSD with PANSS to evaluate for psychosis; in this study, the first phase was an open label sertraline trial with randomized placebocontrolled adjunctive risperidone if less than 70% response reduction was seen in the first phase (Rothbaum et al., 2008) . While there was significant improvement with risperidone over placebo for the PTSD symptoms, measured by Davidson Trauma Scale (DTS), there were no statistically significant findings between the intervention and placebo groups for PANSS and Clinical Global Impression-Global Improvement (CGI-I) (Rothbaum et al., 2008) . However, the risperidone dose was capped at 3mg (Rothbaum et al., 2008) . In addition, those on adjunctive risperidone had lesser end target dose of sertraline (144mg) compared to 177mg of sertraline for the placebo (Rothbaum et al., 2008) . Rothbaum et al. (2008) study was notable because it was a multicenter trial and recruited community participants as opposed to many studies with combat veteran participants (Bartzokis et al., 2005; Hamner et al., 2003a Hamner et al., , 2003b Rothbaum et al., 2008) . While Bartzokis et al. (2005) adjunctive risperidone study was not exclusively on PTSD-SP patients, the individuals suffered from chronic combat-related PTSD, and psychosis items were assessed via PANSS-Positive subscale (PANSS-P) (Bartzokis et al., 2005) . The study reported significant improvement with risperidone group over placebo group in all measures, especially CAPS total, CAPS-D (Category D-negative altercations in mood and cognition) and PANSS-P (Bartzokis et al., 2005) .
Lastly, quetiapine was the other SGA examined for PTSD with data about psychosis (Villarreal et al., 2016) . Villarreal et al. (2016) examined quetiapine monotherapy for chronic PTSD and included PANSS. This study included multicenter Veteran Affairs sites with majority subjects being male veterans (Villarreal et al., 2016) ; for demographics, quetiapine group had more education and CAP-B than the placebo (Villarreal et al., 2016) . The quetiapine group improved in many measures: CAP-B, mean total CAPS score, DTS, HAM-D, HAM-A, CGI, PANSS global psychopathology (Villarreal et al., 2016) . The two measures that did not separate the two groups were PANSS negative (PANSS-N) and Pittsburgh Sleep Quality Index (Villarreal et al., 2016) . Villarreal et al. (2016) team noted dry mouth, somnolence and sedation as most common side effects (Villarreal et al., 2016) . In fact, 40% of the participants dropped out after randomization due to mostly lack of efficacy and side effect; however, there were no statistically differences between the two groups. Surprisingly, weight gain was not statistically different between the groups; the team suggested that quetiapine might be safe for short team use (Villarreal et al., 2016) . Although this quetiapine study was not exclusively on PTSD-SP, this RCT presented enough evidence that suggests that quetiapine might be beneficial for PTSD-SP.
Collectively, the studies used similar risperidone doses ranges (2-4mg) of risperidone with wide range of quetiapine 50-800mg and all reported minimal side effects (Bartzokis et al., 2005; Hamner et al., 2003a Hamner et al., , 2003b Rothbaum et al., 2008; Krystal et al., 2011; Villarreal et al., 2016) . Regarding risperidone and extrapyramidal symptoms (EPS), there were minimal EPS side effects. In the Hamner et al. (2003a Hamner et al. ( , 2003b , there was 1 subject out of the 40 subjects who had akathisia; otherwise, the studies did not find any differences between risperidone and placebo when it comes to objective scales, such as Barnes Akathisia Scale (BAS) and Abnormal Involuntary Movement Scale (AIMS) (Bartzokis et al., 2005; Hamner et al., 2003a Hamner et al., , 2003b Rothbaum et al., 2008; Villarreal et al., 2016) . Table 1 summarizes these RCT studies. Braakman et al. (2008) chapter publication cited Hamner et al. (2003a Hamner et al. ( , 2003b as the only RCT on PTSD-SP (Braakman et al., 2008; Hamner et al., 2003a Hamner et al., , 2003b . Since that chapter publication in 2008, there has been one additional RCT published focusing on psychotic PTSD (Villarreal et al., 2016) and three PTSD RCTs with psychosis rating scales included (Bartzokis et al., 2005; Rothbaum et al., 2008; Krystal et al., 2011) . This speaks to the relative paucity of PTSD-SP research and scarcity of well-designed studies to evaluate SGAs as potential PTSD-SP treatment speaks to the difficulty in conducting such studies for this research field. As noted, risperidone and quetiapine are the only SGAs studied with RCTs for PTSD with psychosis data. Thus, there is modest evidence to recommend (adjunctive) treatment for PTSD-SP with risperidone.
While mean target dose of risperidone is between 2 and 3 mg, there is insufficient evidence to recommend a target dose titration for patients with PTSD-SP. Similarly, for quetiapine, more RCT studies for PTSD and psychosis are needed to help elucidate the dose titration. Clearly, more RCTs with larger and diverse sample populations are needed for both risperidone and other potential pharmacological interventions to better inform treatment of PTSD-SP.
Discussion
This review has described a discrete subtype of PTSD-PTSD-SP (i.e. psychotic symptoms after PTSD development). Individuals with PTSD can develop psychotic symptoms, oftentimes positive symptoms. These positive symptoms can be trauma or non-trauma related. Nevertheless, individuals with PTSD-SP should not have a formal thought disorder. There are factors that increase likelihood of having PTSD-SP, including but not limited to: ethnicity, trauma types and comorbid mood symptoms and/or substance use. There are neurobiological findings suggesting that PTSD-SP, is distinct from non-psychotic PTSD and healthy controls. The effective management of PTSD-SP points to potential beneficial use of SGAs such as risperidone. Of note, cultural consultation services (CCS) might be beneficial when treating minorities, refugees or immigrants. Based on evidence presented, the next revision of DSM-5 should consider including PTSD-SP subtype.
Common to the studies reviewed are two major limitations: small, non-representative sample populations and varied assessment scales. For better characterization of PTSD-SP, large, population-representative prospective cohort studies are indicated. Similarly, for management of PTSD-SP, large, multicenter randomized, placebo-controlled trials are recommended in order for researchers to be confident that any improvement noted is due to the intervention.
The second prominent limitation is the diverse scales utilized in all studies. There is a multitude of instrumental scales used for PTSD characterization in clinical studies, for instance, Clinician Administrated PTSD Scale (CAPS), Harvard Trauma Questionnaire (HTQ) and many others. Similar arrays of scales are found for psychosis as well. In order to eliminate bias and standardize this field of research, the authors would like to recommend the utilization of the Structured Clinical Interview for DSM-5 (SCID-5) for making DSM-5 diagnoses along with CAPS for PTSD assessments and Clinician-Rated Dimensions of Psychosis Symptom Severity (C-RDPSS) (Gayle and Raskin, 2017; Weathers Litz et al., 2013). However, due to lack of reliability and validity measures of these instruments for PTSD-SP, the instruments utilized in research discussing PTSD-SP will also be recommended. Certainly, research in non-Western nations with limited resources might encounter difficulties and barriers to using these gold standard instruments such as CAPS. Thus, utilizing HTQ for PTSD assessment and PANSS for psychotic symptoms is recommended. For non-Western countries who cannot perform SCID-5, we recommend MINI (mini-international neuropsychiatric interview) as this has already been translated to certain languages (Ayazi et al., 2016) . For depression and anxiety measures, researchers should consider utilizing the structured interview for Hamilton Depression Rating Scale (HAM-D) and Hamilton Anxiety Rating Scale (HAM-A) (Roffman et al., 2010) . Now that dissociative symptoms have been added to PTSD criteria in DSM-5, research needs to uniformly monitor dissociation to further evaluate its role in PTSD-SP development (Gayle and Raskin, 2017) , using Dissociative Experience Scale (DES). The authors acknowledge that diagnostic changes in the PTSD criteria from prior DSMs to DSM-V will affect the prevalence of not only PTSD-SP but also the associated comorbidities. For secondary measures, the Clinician Global Impressions (CGI) which includes subscales of Severity (CGI-S) and Improvement (CGI-I) should be implemented to standardize social functioning not only for research but also for clinical use (Busner and Targum, 2007) . For clinical use, these scales are available: consider self-report PTSD Checklist for DSM-5 (PCL-5) for PTSD (Weathers Litz et al., 2013) ; consider PANSS or Brief Psychiatric Rating Scales (BPRS) for psychosis; consider self-report Beck Depression Inventory version 2 (BDI-II) and Beck Anxiety Inventory (BAI) for depression and anxiety (Mortimer, 2007; Roffman et al., 2010) . Hence, developing a clinical and research framework that summarizes the above information is critical (see attachment: Diagnostic and Treatment Framework) Fig. 2 .
Conclusion
Based on all the evidence, PTSD-SP is most likely a distinct entity that warrants clinical and research recognition. The research is in infancy with need for uniformity in instrumental scales and improvement in study designs for which the authors propose numerous ways of mitigating these methodological issues. Although the authors did not use formal flow chart such as Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA), this literature review offers a quality assessment of PTSD-SP as well as diagnostic and management for PTSD-SP. There are key areas of research improvement on PTSD-SP such as: risk factors for PTSD-SP in prospective cohort studies; role of plasma DBH activity; effective dosages of risperidone and quetiapine; monotherapies for PTSD-SP when SSRI are ineffective.
